Over 22,000 cases of ovarian cancer were diagnosed in 2007 in the United States, but only a fraction of them can be attributed to mutations in highly penetrant genes such as BRCA1. To determine whether lowpenetrance genetic variants contribute to ovarian cancer risk, we genotyped 1,536 single nucleotide polymorphisms (SNP) in several candidate gene pathways in 848 epithelial ovarian cancer cases and 798 controls in the North Carolina Ovarian Cancer Study (NCO) using a customized Illumina array. The inflammation gene interleukin-18 (IL18) showed the strongest evidence for association with epithelial ovarian cancer in a gene-by-gene analysis (P = 0.002) with a <25% chance of being a false-positive finding (q value = 0.240). Using a multivariate model search algorithm over 11 IL18 tagging SNPs, we found that the association was best modeled by rs1834481. Further, this SNP uniquely tagged a significantly associated IL18 haplotype and there was an increased risk of epithelial ovarian cancer per rs1834481 allele (odds ratio, 1.24; 95% confidence interval, 1.06-1.45). In a replication stage, 12 independent studies from the Ovarian Cancer Association Consortium (OCAC) genotyped rs1834481 in an additional 5,877 cases and 7,791 controls. The fixed effects estimate per rs1834481 allele was null (odds ratio, 0.99; 95% confidence interval, 0.94-1.05) when data from the 12 OCAC studies were combined. The effect estimate remained unchanged with the addition of the initial North Carolina Ovarian Cancer Study data. This analysis shows the importance of consortia, like the OCAC, in either confirming or refuting the validity of putative findings in studies with smaller sample sizes. (Cancer Epidemiol Biomarkers Prev 2008;17(12):3567 -72) 
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Introduction
Ovarian cancer is the leading cause of death among cancers of the female reproductive tract and is the fifth leading cause of cancer death in women in the United States (1) . The most commonly reported factors that increase ovarian cancer risk are germ-line mutations in the BRCA1 or BRCA2 genes, family history of ovarian cancer, and endometriosis and characteristics such as increasing parity, oral contraceptive use, and tubal ligation reduce risk (2) (3) (4) . Although the mechanisms underlying these reproductive risk factors have yet to be fully elucidated, it has been hypothesized that they may relate to inflammation and DNA damage (5-7). Ovulation involves disruption of the ovarian surface and is associated with an inflammatory response that involves prostaglandins (8) , cytokines (9) , and reactive oxygen species (10, 11) , all of which have been implicated in carcinogenesis (11) (12) (13) (14) . The inflammation hypothesis is further supported by the observations that endometriosis may cause inflammation, whereas tubal ligation may reduce inflammation by blocking external agents from coming in contact with the ovary (5). Repair of the ovary after ovulation involves cellular replication that may be prone to DNA damage; thus, errors in DNA repair could also contribute to ovarian cancer. In view of the potential importance of inflammation and DNA repair pathways in ovarian carcinogenesis, inherited variation in genes in these pathways could affect ovarian cancer susceptibility.
To address this hypothesis, we used a candidate gene approach to examine the associations between genes involved in inflammation and DNA repair in a population-based, case-control study of ovarian cancer. When examining numerous single nucleotide polymorphisms (SNP) in multiple genes, the risk of identifying falsepositives is present even when statistically adjusting for multiple comparisons. Replication of significant findings using additional independent studies is critical to establish whether true associations exist. In this article, we describe our evaluation of candidate genes related to DNA repair and inflammation followed by replication of putative significant findings within a large international consortium of ovarian cancer case-control studies.
Materials and Methods
Hypothesis Generating Study. The North Carolina Ovarian Cancer Study (NCO) is a population-based casecontrol study of epithelial ovarian cancer (borderline and invasive) among women in 48 North Carolina counties.
Eligible cases, ages 20 to 74 years, were diagnosed between January 1, 1999 and March 31, 2007 and were identified via rapid case ascertainment through the North Carolina Central Cancer Registry. Populationbased controls were identified using list-assisted random-digit dialing and were frequency-matched to the cases by age and race. DNA was obtained from >98% of participants. Further details of the study have been described elsewhere (15) . All participants signed informed consent forms and approval for the study was obtained from the Duke University Medical Center Institutional Review Board, participating hospitals, and the Human Subjects Committee at the North Carolina Central Cancer Registry.
Replication Studies. The Ovarian Cancer Association Consortium (OCAC) was formed to provide a forum for researchers to evaluate genetic associations with ovarian cancer with increased power. A major aim of the OCAC is to follow up on promising genetic associations while addressing the problem of multiple comparisons and false discoveries that are inherent to studies using highthroughput genotyping technologies. Twelve OCAC studies from the United States (DOV, HAW, HOP, MAY, STA, UCI, and USC), Europe (GER, MAL, SEA, and UKO), and Australia (AUS) contributed data to the current analysis for a total of 5,877 cases and 7,791 controls of self-reported Caucasian ancestry. These studies have been described in detail previously and are summarized in Table 1 (6, (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . All studies obtained approval from their respective human subjects ethics committees and all participants provided signed informed consent.
SNP Selection, Genotyping, and Quality Control. The NCO genotyped a total of 1,536 SNPs using the Illumina Golden Gate Assay (Supplementary Table S1 ). SNPs tagging 120 candidate genes and nonsynonymous SNPs from an additional 50 candidate genes were included on the Illumina OPA. Genes were chosen based on previous literature and were defined at 10 kb upstream and downstream of the gene. Although the DNA repair, inflammation, and hormone candidate gene pathways were predominantly represented, a limited number of genes from the cell cycle, metabolism, methylation, and signal transduction pathways were also included on the Illumina OPA. Tagging SNPs were selected using HapMap version 20 28 and ldSelect (27) ; a minor allele frequency > 0.05 and pairwise linkage disequilibrium threshold of r 2 > 0.8 were used for selection. Cases and controls were randomly mixed within each plate and six CEPH-Utah trios-standard by Coriell were distributed across six plates. Only five samples (<1%) failed genotyping. There was one withinplate and one across-plate duplicate sample on each 96-well DNA plate; the concordance rate for these samples was 99.5%.
Eleven of the 12 OCAC studies used the 5 ¶ nuclease TaqMan allelic discrimination assay (TaqMan; Applied Biosystems) to genotype interleukin-18 (IL18) rs1834481 in seven laboratories using a common batch of reagents. One study (AUS) used the iPLEX Sequenom MassArray system (Sequenom). To ensure consistency of genotype calls across laboratories, each site also genotyped a common set of samples from Coriell 29 consisting of 90 unique DNA samples (30 CEPH-Utah trios), 5 duplicate samples, and a negative template control. Genotype concordance on these plates was >98%.
Statistical Analyses: NCO. We restricted our analysis to White, non-Hispanic NCO participants for whom genotyping data were available. We performed tests for Hardy-Weinberg equilibrium among the controls for all SNPs using m 2 goodness-of-fit tests and carried out a two-stage analysis. First, for each gene, we fitted an unconditional logistic regression model for disease given 29 http://ccr.coriell.org/Sections/Search/Panel_Detail.aspx?PgId=202& Ref=HAPMAPP (T01). age and indicator variables for both the dominant and the recessive genotypes of each SNP in the gene. We used a likelihood ratio test of this model against the model containing only age to assess the degree of association of the gene. We prioritized genes according to the P values of these tests and calculated a q value for each gene to provide estimates of false discovery rates (28) . Second, within the top genes, we carried out a Bayesian model selection analysis of the SNP genotype variables using the bic.glm algorithm in the BMA package (29) for the R statistical language to determine the combination(s) giving the best fit. The two-stage analysis was completed using the statistical software package R (30) . A haplotype analysis for the gene with the strongest evidence for an association with epithelial ovarian cancer was conducted using Haploview version 3.32 (31) .
We completed a full analysis of known and suspected risk factors for epithelial ovarian cancer to determine the extent of confounding; covariates that changed the estimate of effect by z10% were considered to be confounders (there were none).
Statistical Analyses: OCAC. IL18 rs1834481 was evaluated by 12 OCAC studies. Among controls, HardyWeinberg equilibrium was tested and minor allele frequencies were compared to ensure that there were no important population differences with respect to the allele frequencies of the SNPs. For each OCAC study, we fitted unconditional logistic regression models, adjusting for age, to estimate odds ratios (OR) and 95% confidence intervals (95% CI). Using the same approach to confounding described above, we evaluated the final models for confounding (there was none).
Fixed-and random-effects models accounting for study site were fitted using inverse variance weighting and the DerSimonian-Laird (32) methods, respectively, to estimate summary ORs and 95% CIs for the association between rs1834481 and epithelial ovarian cancer risk. We used Cochran's Q statistic (33) and I 2 (34) to evaluate heterogeneity of results. Data were analyzed with and without the NCO data and were restricted to subgroups of cases (all, invasive only, and serous invasive only) because there may be etiologic heterogeneity of epithelial ovarian cancer by histologic type.
The unconditional logistic regression models for the OCAC studies were fitted using SAS (version 9.1.3) and the fixed-and random-effects analyses were fitted using STATA (version 9; StataCorp).
Results
Hypothesis Generating Study: NCO. The initial NCO analysis included 848 epithelial ovarian cancer cases, with a mean age at diagnosis of 55 years, and 798 controls; all participants were White, non-Hispanic. The majority of cases (79%) were invasive and >65% of invasive cases were International Federation of Gynecology and Obstetrics stage III or IV. Serous histology was the most common subtype (61%).
The gene-by-gene analysis identified IL18 as the gene with the strongest evidence for association (that is, smallest P value) with epithelial ovarian cancer (P = 0.002; q value = 0.240) compared with all other genes. Eleven SNPs tagging IL18 had been genotyped in the NCO: rs243908, rs1293344, rs1834481, rs1946519, rs2043055, rs549908, rs5744247, rs5744258, rs5744280, rs4937113, and rs11214109. The Bayesian model selection analysis of the IL18 SNPs identified models that included only rs1834481 genotypes as being the most likely, a posteriori. In a subsequent haplotype analysis of IL18 (Supplementary Table S2 ), four haplotypes had estimated frequencies of >5%. Only one was significantly associated with epithelial ovarian cancer (P = 0.0007) and was uniquely tagged by rs1834481, which was in Hardy-Weinberg equilibrium (P = 0.981) and had a minor allele frequency of 0.23 in NCO controls.
Using Akaike's Information Criterion, we determined that a log-additive genetic model for rs1834481 best fit the data. There was an increased risk of epithelial ovarian cancer (per allele) for all cases (OR, 1.24; 95% CI, 1.06, 1.45), invasive cases (OR, 1.25; 95% CI, 1.06, 1.28), and serous invasive cases (OR, 1.31; 95% CI, 1.08, 1.60).
Replication Studies: OCAC. Twelve OCAC studies genotyped IL18 rs1834481 in an additional 5,877 cases and 7,791 controls. The SNP was in Hardy-Weinberg equilibrium in all studies (a = 0.10). The minor allele frequencies among controls ranged from 0.20 to 0.28 in these studies with no statistically significant differences between them. For all of the OCAC studies, the age-adjusted ORs and 95% CIs were not statistically different from a null association (Table 2 ). In fitting fixed-and random-effects models to the 12 OCAC studies, there was no significant heterogeneity; thus, we report fixed effects here. The fixed-effects estimates did not change when the NCO data were included; there was, however, significant heterogeneity. In a meta-regression, we did not find evidence that the following study characteristics explained this heterogeneity: U.S. versus non-U.S. populations (P = 0.87), incident versus prevalent cases (P = 0.38), and population-based versus clinic-based controls (P = 0.16). Overall, the fixed-effects estimates indicate a null association between IL18 rs1834481 and epithelial ovarian cancer (Table 2 ; Fig. 1 ).
Discussion
This is the first report to describe a comprehensive assessment of the relationship between common genetic variation in the IL18 gene and ovarian cancer risk among White, non-Hispanic women. One prior small study investigated a single IL18 polymorphism, not in linkage disequilibrium with IL18 rs1834481, and reported null results (19) . In the NCO study of 1,536 SNPs from several candidate gene pathways, the IL18 gene showed the strongest evidence for association with epithelial ovarian cancer risk. One of the 11 IL18 SNPs (rs1834481) was significantly associated with epithelial ovarian cancer and uniquely tagged a significant IL18 haplotype, but further studies of this SNP in 12 independent studies by OCAC did not replicate this finding. The most likely explanation for the initial finding is that it represents chance (that is, a type I error). The magnitude of the q value (0.240) for IL18 was moderate, suggesting that the association between IL18 and epithelial ovarian cancer could possibly be a false-positive association. However, it is also important to consider that, although our results suggest that IL18 rs1834481 is not associated with ovarian cancer, we cannot rule out the possibility that other IL18 polymorphisms may be associated with ovarian cancer risk.
When we fitted the fixed-and random-effects models in the replication stage, we did so by first excluding the initial NCO findings. Without NCO, there was no heterogeneity of results and the overall effect of the IL18 SNP was null. With the NCO included, the overall effect of IL18 rs1834481 remained null, but there was significant heterogeneity. Because the NCO study was the first to report a positive finding for IL18 rs1834481, it may have exhibited the ''winner's curse phenomenon'' (35) , whereby the initial finding is often the strongest and most significant, thereby making it statistically different from subsequent studies.
The current study shows the important role of consortia, such as the OCAC, in replication of initial positive findings. Through the OCAC, we were able to refute an initial positive association between a SNP and epithelial ovarian cancer risk via coordinated genotyping and centralized analysis rather than subsequent, potentially conflicting reports from individual studies. Due to the large sample size, in both the number of studies (that is, 13) and the total number of subjects (that is, 15,314), it is unlikely that IL18 rs1834481 is associated with epithelial ovarian cancer. Consortia such as the OCAC fill an important role for achieving the sample size and power needed to detect modest associations with common SNPs and aid in confirmation of initial findings from smaller studies.
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